Background Cervical spine injuries of variable severity are common among patients with an acute traumatic brain injury (TBI). We hypothesised that TBI patients with positive head computed tomography (CT) scans would have a significantly higher risk of having an associated cervical spine fracture compared to patients with negative head CT scans. Method This widely generalisable retrospective sample was derived from 3,023 consecutive patients, who, due to an acute head injury (HI), underwent head CT at the Emergency Department of Tampere University Hospital (August 2010-July 2012). Medical records were reviewed to identify the individuals whose cervical spine was CT-imaged within 1 week after primary head CT due to a clinical suspicion of a cervical spine injury (CSI) (n = 1,091).
Introduction
The evaluation of the cervical spine among emergency trauma patients is challenging and is frequently complicated by extracervical injuries and other comorbid conditions [1] . Undetected cervical spine injuries (CSIs) may have catastrophic consequences, leading to serious neurological impairment or even death [22] .
According to the National Emergency X-Radiography Utilization Study (NEXUS), a clinically significant CSI can be excluded without imaging if none of the following five criteria are fulfilled: (1) focal neurological deficits, (2) midline spinal tenderness, (3) altered level of consciousness, (4) intoxication or (5) distracting injury [11] . However, in many clinical settings, these criteria are not operable. Patients with head injury (HI) and/or traumatic brain injury (TBI) comprise the largest group of patients seen in emergency departments, where clinical examination alone is not sufficient to rule out CSI. The rule of thumb is that all patients with HIs should be treated as if a concomitant CSI is present until proven otherwise. In multitrauma patients, a whole-body computed tomography (CT) from head to pelvis should be obtained on arrival at the emergency department (ED) [3, 9, 16, 21] . However, patients with less serious or isolated HIs comprise the largest group of patients when it comes to the dilemma of cervical spine clearance. It remains rather unclear which HI patients should undergo routine cervical spine CT imaging. Excessive and liberal use of CT raises direct medical costs and increases the risk of radiation-induced malignancies [17] .
The incidence of CSI in HI patients has been reported to range from 4 to 8% [3, 4, 10, 18, 20, 26] . To what extent head trauma severity is associated with concomitant CSIs is controversial and depends largely upon the study methods and population studied. Vahldiek et al. [25] did not find an association between positive head CTs and CSIs in their study that comprised only low-energy injuries. Several studies have included only CT-positive or unconscious HI patients [2, 8, 12, 23, 24] . Moreover, many studies have been large multicentre registry or databank studies in which the details of CSIs and HIs have been limited [5, 8, 20] . In general, several factors in trauma patients have been reported to associate with CSI; for example, age, lowered Glasgow Coma Scale score (GCS), injury mechanism, facial fracture and hypotension [8, 12, 20, 24] . Table 1 summarises the central original publications related to the topic and their key findings.
We hypothesised that HI patients with positive head CT scans would have a significantly higher risk of having a cervical spine fracture than HI patients with negative head CT scans. Due to the suboptimal accuracy of CT in detecting vertebral ligament injuries, our study is focused on fractures.
Materials and methods

Study design and setting
This study is a part of the Tampere Traumatic Head and Brain Injury Study. The patient sample in the registry includes all consecutive patients (n = 3,023) with HI who underwent head CT at the Tampere University Hospital's ED between August 2010 and July 2012. The patients were prospectively enrolled from the ED and the data were retrospectively recorded. In the study, the minimum diagnostic criteria for TBI were based on the WHO Neurotrauma Task Force recommendation [13] . Referral criteria for acute head CT were based on the former Scandinavian guidelines for initial management of minimal, mild and moderate head injuries [14] . Ethics approval (code, R10027) for the study was obtained from the ethical committee of the Pirkanmaa Hospital District in Tampere, Finland.
Clinical data
Data collected from the registry included subject-and injury-related data, clinical information from the ED, and data on neurosurgical interventions. Also, the mechanisms of injury and time intervals (injury-ED admission-head CT-ED discharge) were recorded. Destination after the ED was categorised into four groups: home, hospital ward, local health centre or death. In retrospect, the medical records of all these patients (n = 3,023) were carefully reviewed to select those individuals whose cervical spine was CT-imaged due to a clinical suspicion of a CSI within 1 week after primary head CT. Cervical CT was performed primarily according to the NEXUS recommendations [11] . On arrival, multitrauma patients underwent whole-body CT (comprising cervical spine) according to international recommendations [3, 9, 16, 21] . A total of 1,091 (36.1%) cervical spine CT-imaged patients were identified and included into the current study. The majority of the patients (96.5%, n = 1,053) were cervically CT-imaged within 24 h after primary head CT and the rest in 1-4 days' time. Of the CSI patients, the presence of possible spinal cord injury and radiculopathy, as well as the American Spinal Injury Association (ASIA) scores, were recorded [15] . Medical records from a period of 1 year post-injury were reviewed to collect information on possible cervical spine surgery due to the index injury.
Imaging data
In the ED, an emergency non-contrast head CT scan was performed as per Scandinavian guidelines for all patients, using a 64-row CT scanner (Lightspeed VCT; GE, Wisconsin, USA) [14] . In a non-on-call setting, all head CT scans were analysed and systematically coded by two neuroradiologists using a structured data collection form. Acute traumatic intracranial lesions included subdural haematoma and effusion (SDH), epidural haematoma and effusion (EDH), diffuse axonal injury (DAI) lesions, oedema, compression of the cerebrospinal fluid spaces, midline shift, contusions, pneumocephalus, skull fracture and traumatic subarachnoid haemorrhage.
Cervical CT imaging was performed with the same scanner as for the head CTs. CSI was defined as a fracture or subluxation of any of the cervical vertebrae. Whiplash injuries without radiological findings were not included in the analysis. The injured cervical spine level, including occipital condyle (C0) fracture, together with a detailed anatomic description of each vertebra and CT-detectible ligament injury, was recorded systematically by the first author (T.T.). On clinical basis, magnetic resonance imaging was performed on the patients with spinal cord injury, but their results were not analysed in this study.
Statistical analyses
The normality of the variable distributions was tested using the Kolmogorov-Smirnov and Shapiro-Wilk tests. Continuous variables were analysed with the Pearson (normal distribution) and Spearman (skewed distribution) correlation coefficients. Group comparisons were tested with the Student's t-test (normal distribution) and the Mann-Whitney U test (skewed distribution).
Results
Characteristics of the study sample
The main clinical characteristics of the study sample (n = 1,091) are presented in Table 2 and CSI-related characteristics in Table 3 . For comparison, the characteristics of the patients with positive head CT scans (n = 269) are presented parallel with the patients with negative head CT scans (n = 822) and the whole study sample (n = 1,091). Of all the patients (n = 1,091), 607 (55.6%) fulfilled the clinical criteria for mild TBI, 201 (18.4%) had a moderate or severe TBI and the rest (n = 283, 25.9%) had a head trauma without clear signs of TBI. Cervical spinal cord injury was found in 13 (16.9%) of the CSI patients. In one patient, the existence of a possible spinal cord injury remained unknown due to early death caused by a severe TBI.
Cervical CT findings
On cervical CT, CSI was found in 7.1% (n = 77) and cervical spine fracture in 6.6% (n = 72) of the patients (n = 1,091). In total, these patients sustained 101 fractured vertebrae. Five patients (0.5%) had a CSI with only a CT-detectible ligament injury. Of the patients with CSI, 31 (40.3%) had dislocations and/or subluxations. The mean dislocation was 3 mm (range, 1-10 mm). The distribution of fractures and dislocations/ subluxations is presented in Fig. 1 .
Cervical spine fractures in patients with CT-positive versus CT-negative head injuries
Patients with CT-positive acute traumatic intracranial lesions (9.3%, n = 25) had significantly more cervical spine fractures (Pearson chi-squared, p = 0.04; OR = 1.689, 95% CI = 1.019-2.802) compared with head CT-negative HI patients (5.7%, n = 47). Interestingly, patients with positive head CT scans had fewer spinal cord injuries (0.4%, n = 1 compared with 1.5%, n = 12; statistical comparison not done due to small group sizes).
Moreover, positive head CT findings had significant association with C6 vertebra fractures (3.0%, n = 8 vs 1.1%, n = 9; p = 0.031, OR = 2.769, 95% CI = 1.057-7.250), but not with other cervical vertebra fractures (C0-5 and C7) or dislocations/subluxations alone. The distribution of fractures between the upper (C0-C2) and lower (C3-C7) cervical spine did not differ between the two groups. Patients with positive head CT scans (2.2%, n = 6) did not have more neurosurgical operations within 1 year post-HI due to cervical spine fractures compared with patients with negative head CT scans (2.8%, n = 23; p = 0.614).
Risk of cervical spine fractures in relation to neurological picture and mechanism of injury Patients with cervical spine fractures had more frequently moderate to severe TBIs (22.2%, n = 16 vs 18.2%, n = 185) but the difference did not reach statistical significance (p = 0.376). Also, GCS scores (p = 0.464) and number of patients with loss of consciousness (15.3%, n = 11 vs 23.7%, n = 241, p = 0.264) were similar between the groups. However, data on GCS and loss of consciousness were frequently missing (30.6%, n = 334; and 42.4%, n = 463, respectively). The gender (males 73.6%, n = 53 vs 64.9%, n = 661, p = 0.132) and mechanism of injury (p = 0.352) distributions were not related to cervical spine fractures. Patients with cervical fractures were hospitalised longer (median 96.4 h vs 21.3 h, p < 0.001) and underwent more neurosurgical procedures (19.4%, n = 37 vs 7.9%, n = 81, p < 0.001) than the patients without fractures.
Discussion
For clinicians working in the ED setting, detecting patients with a possible CSI is of the utmost importance. Acute HI is one of the most common causes of ED admissions, and the failure to detect CSI, especially in patients with a decreased level of consciousness, can have catastrophic consequences. We found that HI patients with acute intracranial lesions on CT had almost a twofold risk of cervical spine fractures in comparison to CT-negative head trauma patients. In particular, C6 fractures were associated with head CT positivity. Because of the suboptimal accuracy of CT in detecting ligament injuries, we concentrated mainly on fractures in the risk analysis. Compared with prior studies, our results might have superior generalisability as our sample is non-selected and consists of HIs ranging in severity from minimal to severe.
In contrast to our results, there are several reports in the literature stating that HI is not an independent risk factor for CSI [6, 8, 23, 25, 26] . Some of the incoherence between the reported coincidence of TBI and CSI may derive from the differences in the study populations and methods used in different studies. For example, Hasler et al. [8] studied an extensive injury databank and reported that lowered GCS scores predicted CSI, but they found no association between severe HI and CSI. However, Michael et al. [18] found an association between severe HI and CSI in a study conducted in an individual major trauma hospital.
We showed that patients with CT-positive TBI not only have more cervical spine fractures, but, in addition, they have significantly more C6 vertebra fractures. However, the fracture distribution in regard to upper and lower cervical spine did not differ significantly between these two groups (head-CT positive versus negative). Moreover, the incidence of cervical vertebra dislocations/subluxations or neurosurgical operations due to cervical spine fracture was not elevated in the CT-positive TBI group. A neurosurgical operation due to cervical spine fracture was performed on 37.7% (n = 29) of the CSI patients during their first year post-injury. None of the patients were treated with a halo-vest, and a few of the patients were treated with either a soft or rigid collar (data not shown). In the light of our findings, it can be speculated that although head CT positivity is associated with an increased risk of cervical spine fractures, these fractures are equally severe clinically as measured by the need for surgery. Interestingly, there were also fewer cervical spinal cord injuries in CT-positive TBI patients. This may be due to differences in injury mechanisms. Injury mechanism among patients with a spinal cord injury was remarkably often a simple ground-level fall (n = 6, 46.2%), whereas among patients without a spinal cord injury ground-level falls accounted for only 29.6% (n = 319) of the cases. Moreover, patients with a spinal cord injury were older (median age, 65.9 vs 47.0 years) than patients without a spinal cord injury. It may be speculated that falling accidents of elderly people are more likely to cause sole cervical spine injuries than CT-positive craniocervical injuries. In a previous study of more than 5,000 trauma patients, Williams et al. [26] found a negative association between TBI and spinal cord injury, which is in line with our findings. In order to identify risk factors for cervical spine fractures, we compared patients with a fracture to patients who did not have a fracture. In contrast to the majority of the prior literature, we could not find an association between neurological status and fracture risk [8, 12, 24, 26] . However, the amount of missing data on the GCS and loss of consciousness was considerably high and prevents drawing a reliable conclusion in this regard. Injury mechanisms were also somewhat similar between the groups. Ground level falls accounted for about one-third of the cases in both groups and car accidents were more frequent in the fracture group (30.6%, n = 22 vs 21.8%, n = 222). However, the difference in injury mechanisms was not statistically significant. Nevertheless, it is widely accepted that high-energy injury mechanism increases the risk of cervical spine fractures.
Our results on the distribution of cervical spine fractures were mostly in concordance with the previous reports on trauma patients, although the number of studies focusing on HI patients is scarce [7] . In our study, 30.6% (n = 22) of the cervical fracture patients had a multilevel injury. C2 (including odontoid) was the most commonly fractured vertebra consisting 22.8% (n = 23) of all (n = 101) fractured individual vertebrae. Subaxial fractures (n = 64) consisted 63.4% of all fractured vertebrae. Vertebrae C6 (n = 17, 16.8%) and C7 (n = 20, 19.8%) were the most commonly fractured subaxial vertebrae, whereas C3 was the vertebra least likely to be injured (n = 6, 5.9%). Dislocations and subluxations occurred most frequently in C1/C2 (n = 9, 29%) and C4/C5 (n = 7, 22.6%) levels. In the study by Goldberg et al. [7] on the distribution and patterns of blunt CSIs, the findings were slightly Table 3 The CSI characteristics of the study sample stratified into subgroups (head CT-positive patients, head CT-negative patients and whole sample)
Variable
Head CT-positive patients (n = 269) % He adCT -n eg at iv e patients (n = 822) different compared to our results. In line with our results, Goldberg et al. reported C2 to be the most commonly fractured cervical vertebra. On the contrary, they found C6 to be the most common site of subaxial fracture, whereas in our series the most common site was C7, followed by C6 fractures. Different study populations (blunt trauma in the study by Goldberg et al. vs HI patients in our study) and different injury coding habits may explain the small differences in the fracture distribution. Our study represents a large population-based HI sample that is commonly seen in EDs internationally. The sample includes a wide severity spectrum of HIs that were treated at the ED at varying time delays post-injury. Although not unique, our findings support the prior studies on the association between TBI and CSI [3, 10, 12, 18] . However, the main finding of our study (increased risk of cervical spine fractures among head CT-positive TBI patients) must be interpreted with caution given the subtle difference in fracture rate that is only slightly statistically significant (p = 0.04). The main limitation of our study is the retrospective nature, and therefore the number of missing data (e.g. GCS and alcohol consumption) is relatively large, which may influence the main conclusions. Secondly, head-CT criteria in minimal, mild and moderate HIs in the ED were based on the Scandinavian guidelines. Apparently, some patients in the sample did not fulfil the Scandinavian CT criteria and were CT-imaged without solid indications. In contrast, possibly some HI patients did not undergo CT imaging although they met the criteria. Thirdly, cervical ligament, and soft tissue injuries may have been missed since patients were not systematically assessed with MRI. However, the main emphasis of this study was on fractures. Most probably, clinically significant CSIs were not missed, since our study included patients whose cervical spine was CT-imaged up to 1 week post-injury and the care of CSIs in the study catchment area is centred to our hospital.
Conclusions
Head trauma patients with acute intracranial lesions on CT have a higher risk for cervical spine fractures in comparison to patients with a CT-negative head injury. However, these fractures did not cause more spinal cord injuries or require more neurosurgical spinal intervention compared to head CT-negative cervical spine fractures. Although statistically significant, the difference in fracture rate is small (9.3% vs 5.7%). Nevertheless, cervical spine fracture should be acknowledged when treating CT-positive TBI patients. CT imaging of the cervical spine in the case of CT-positive TBI should be considered based on these findings. 
